Bacterial superantigens (SAgs) are small highly mitogenic proteins that are produced as monomeric precursor molecules with typical bacterial signal peptides (8) . The mature secreted toxins simultaneously bind to major histocompatibility complex (MHC) class II antigens and T-cell-receptor (TcR) molecules, which leads to the stimulation of large numbers of T cells (16, 19, 27) . Unlike conventional antigens, SAgs bind MHC class II outside the peptide binding groove and bind mainly to the CDR2 and HV4 regions on the TcR V␤ chain (12, 15, 17, 27, 38) . Each SAg targets a specific set of TcR V␤ chains leaving a characteristic "fingerprint" in the stimulated T cells. The oligoclonal T-cell stimulation results in high systemic levels of the proinflammatory cytokines tumor necrosis factor alpha and interleukin-1␤ (IL-1␤) and T-cell mediators, such as IL-2 and gamma interferon, that are released from antigen presenting cells and T cells (13, 27) . This can cause hypotension, fever, and shock (9, 24, 37) .
SAgs are produced mainly by the gram-positive bacteria Streptococcus pyogenes and Staphylococcus aureus (2, 27) . In addition, some SAgs have also been found in other bacteria, e.g., the Mycoplasma arthitidis mitogen (10) and the Yersinia pseudotuberculosis mitogen (23) .
S. pyogenes, a Lancefield group A streptococcus, is a human pathogen that causes a wide range of diseases, including acute tonsillitis, scarlet fever, necrotizing fasciitis, bacteremia, streptococcal toxic shock syndrome, and rheumatic fever (6, 11, 37) .
The streptococcal SAgs, which include streptococcal pyrogenic exotoxin A (SPE-A), -C, and -G to -J; SSA; and several allelic variants of streptococcal mitogenic exotoxin Z (SMEZ) are believed to play an important role as virulence factors in at least some of these diseases (7, 9, 24) . Enterotoxins from S. aureus, which include staphylococcal enterotoxin A (SEA) through SEM and toxic shock syndrome toxin (TSST), cause food poisoning (except TSST) and toxic shock syndrome (13, 27, 23a) .
Recently, two pyrogenic exotoxins from Streptococcus equi (SePE-H and SePE-I) were identified (4) . These toxins are nearly identical to SPE-H and SPE-I, differing in just 3 amino acids (aa) and 1 aa, respectively. S. equi is a Lancefield group C streptococcus that causes strangles, a contagious inflammatory disease of the upper respiratory tract and associated lymph nodes of equids (18) .
The structurally related staphylococcal and streptococcal SAgs share primary sequence identities from 20 to Ͼ 90% and have molecular masses of 24 to 28 kDa. They can be classified into four subfamilies (i) group A, which comprises SPE-C, SPE-G, SPE-J, and SMEZ; (ii) group B, which contains SEB, SEC1-3, SEG, SPE-A, and SSA; (iii) group C, with SEA, SED, SEE, SEH, and SEJ; (iv); group D, which contains SEI, SPE-I, and SePE-I; and group E, with SPE-H and SePE-H. TSST builds a separate branch within this family tree.
Several sag genes are located on mobile DNA elements, such as bacteriophage, integrated in the bacterial genome (14) . Horizontal transfer of these mobile DNA elements is a proposed mechanism that might explain the close relation between SAgs from different bacterial species. This could also explain why individual bacterial isolates carry only certain combinations of sag genes. For example, speH and speI were found in S. pyogenes isolates at frequencies of only 24 and 16%, respectively, and both genes are located on prophage SF370.2 (14, 32) . Thus far, no streptococcal or staphylococcal isolate has been found that carries a complete set of known sag genes.
Crystal structures of SEA, SEB, SEC2, SED, TSST, SPE-A, SPE-C, SPE-H, and SMEZ-2 show a conserved folding pattern comprising an NH 2 -terminal ␤-barrel globular domain and a COOH-terminal globular domain based on a ␤-grasp motif (3, 31) .
Some SAgs, such as TSST and SEB, bind exclusively to the invariant MHC class II ␣-chain via a generic binding site located within the ␤-barrel domain (21, 36) . Other SAgs, such as SPE-C, SPE-G, SPE-H, and SPE-J, contain a zinc binding motif within the COOH-terminal domain that is used to bind the polymorphic MHC class II ␤-chain via a tetrameric zinc coordination complex that involves the highly conserved His 81 residue on the HLA-DR1 ␤-chain (25, 26) .
Recently, we identified four novel sag genes by mining the S. pyogenes M1 genomic database at the University of Oklahoma. The genes for speG, speH, speJ, and speI were cloned and expressed in Escherichia coli, and the purified recombinant proteins showed the typical SAg features (32, 33) . The S. pyogenes genome project was completed in 2000, and only one more sag gene was found; it was named speK. However, speK is a pseudogene with an incomplete open reading frame (ORF) (14) .
We have now extended our search for novel SAgs by mining other streptococcal genome databases. We here describe the identification of two novel sag genes from S. equi (speL Se and speM Se ) and their respective orthologues in S. pyogenes (speL and speM). (Two genes in this gene family were designated sepe-h and sepe-i in a previous publication [4] .) One intriguing feature of the speL gene is the strong association to the M89 serotype, which is linked to acute rheumatic fever in New Zealand.
MATERIALS AND METHODS
Bioinformatic tools. The novel S. equi SAgs were identified by searching the microbial genome databases at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/Microb_blast/unfinishedgenome.html) with highly conserved ␤5 and ␣4 regions of streptococcal and staphylococcal SAgs, using a TBLASTN search program.
The ORFs were defined by translating the DNA sequences around the matching regions and aligning the protein sequences to known SAgs using ClustalW at http://clustalw.genome.ad.jp (39) and ClustalX. The leader sequences were predicted using the SignalP V1.1 server at http://www.cbs.dtu.dk/services/SignalP. (29) . The SAg family tree was generated using ClustalW and the TreeView Computer program (30) .
Genotyping of S. equi and S. pyogenes isolates. The New Zealand S. pyogenes isolates were obtained from the Institute of Environmental Sciences and Research in Porirua, New Zealand. Isolate 33117 was obtained from Pasteur Institute, Lille, France. The S. equi isolates were obtained from the Department of Microbiology, Otago University, Dunedin, New Zealand.
The streptococcal isolates were grown in brain heart infusion medium (Difco) at 37°C, and genomic DNA was prepared as described previously (34) . Genotyping was carried out by PCR with 50 ng of purified streptococcal genomic DNA using the specific primer pairs sepe-l/spe-l (5Ј-GCGGATCCGATACGTACAA TACAAATG-3Ј; 5Ј-GCGAATTCAATAGCATTCGACC-3Ј), sepe-m/spe-m (5Ј-GCGGATCCGAGGGGACTATTAATATTAAG-3Ј; 5Ј-GCGAATTCGGT TTCTTGATACTAAC-3Ј).
A primer pair specific to a DNA region encoding the 23S rRNA (33) was used as a positive control.
Generation of recombinant SPE-L (rSPE-L) and rSPE-M. The spe-l and spe-m genes were amplified by PCR from 50 ng of genomic DNA of isolates 10846 and FP 4223, respectively, using the same primers as for genotyping. The PCR products encoding the mature proteins without the predicted leader sequences were enriched using the Wizard PCR DNA purification system (Promega) and cloned into T-tailed pBluescript SK II vectors (Stratagene), and this was followed by transformation into E. coli XL1 blue.
The cloned sag genes were analyzed by the dideoxy chain termination method using a Licor automated DNA sequencer (model 4200). Three subclones from every cloning experiment were analyzed to ensure that no Taq polymeraserelated mutations were introduced. The DNA sequences have been annotated in the EMBL/GenBank/DDBJ databases.
The speL and speM genes were cloned from pBluescript into the BamHIEcoRI cloning site of pET32-3c expression vector. This vector is a modified version of pET32a (Novagene) that expresses the highly specific protease 3C cleavage site (EVLFQ|GP [vertical bar indicates cleavage site]) from a picornavirus (40) just upstream of the inserted DNA. rSPE-L and rSPE-M were expressed in E. coli AD494(DE3) (Novagene) as thioredoxin (Trx) fusion proteins. Cultures were grown at 30°C and induced for 3 to 4 h after adding 0.2 mM isopropyl-␤-D-thiogalactopyranoside (IPTG).
The Trx fusion proteins were purified on Ni 2ϩ IDA Sepharose (Sigma), and the mature proteins were cleaved off from Trx on the column using protease 3C (provided by Keith Hudson, University of Oxford, Oxford, United Kingdom) overnight at room temperature. The eluates containing the recombinant toxins were collected and analyzed on sodium dodecyl sulfate-12.5% polyacrylamide gels according the procedure of Laemmli.
Toxin proliferation assay. Human peripheral blood lymphocytes (PBLs) were purified from blood of a healthy donor by Histopaque Ficoll (Sigma) fractionation. The PBLs were incubated in 96-well round-bottom microtiter plates at 10 5 cells per well with RPMI-10 (RPMI with 10% fetal calf serum) containing various dilutions of recombinant toxins. The dilution series was performed in 1:5 steps from a starting toxin concentration of 10 ng/ml. After 3 days 0.1 Ci of [ 3 H]thymidine was added to each well and cells were incubated for another 24 h. Cells were harvested, and the radiation in cells was counted on a scintillation counter.
TcR V␤ analysis. V␤ enrichment analysis was performed by anchored multiprimer amplification. Human PBLs were incubated with recombinant toxin (20 pg/ml) at 10 6 cells/ml for 3 days. A twofold volume expansion of the culture followed, with medium containing IL-2 at 20 ng/ml. After another 24 h, stimulated and resting cells were harvested and RNA was prepared using Trizol reagent (Life Technologies). A 500-bp ␤-chain DNA probe was obtained by anchored multiprimer PCR as described previously (20) , radiolabeled, and hybridized to individual V␤s and a C␤ DNA region dot blotted on a nylon membrane. The membrane was analyzed on a Molecular Dynamics Storm PhosphorImager using ImageQuant software. Individual V␤s were expressed as a percentage of all the V␤s determined by hybridization to the C␤ probe.
Radiolabeling and LG-2 binding experiments. Recombinant toxin was radioiodinated by the chloramine T method as previously described (25) . Labeled toxin was separated from free iodine by size exclusion chromatography using Sephadex G-25 (Pharmacia). LG2 cells were used for cell binding experiments, as previously described (25) . Briefly, cells were harvested, resuspended in RPMI-10, and mixed at 10 6 cells/ml with 125 I-tracer toxin (1 ng) and 0.0001 to 10 g of unlabeled toxin and incubated at 37°C for 1 h. After washing with ice cold RPMI the pelleted cells were analyzed in a gamma counter.
For competitive binding studies, 1 ng of 125 I-tracer toxin (rSPE-L or rSPE-M) was incubated with 0.0001 to 10 g of unlabeled toxin (rSPE-L, rSPE-M, rSPE-C, rSEB, and rTSST) for 1 h.
Seroconversion experiments. Five microliters of serum from human healthy donors were mixed with 10 l of phosphate-buffered saline and 10 l of 125 Ilabeled rSPE-L or rSPE-M and incubated for 1 h at 37°C. As controls, bovine serum albumin or rabbit antiserum against SPE-C or SMEZ was used instead of human sera. After adding 50 l of protein A-staphylococcus cells (Toxin Technology) the samples were incubated for another 30 min at 4°C before the cells were spun down, washed in 1 ml of phosphate-buffered saline, and counted in a Cobra Gamma counter.
Nucleotide sequence accession numbers. The accession numbers for the speL and speM genes are AF514282 and AF514283, respectively.
RESULTS

Identification and sequence analysis of SAgs.
A number of complete and incomplete microbial genome projects are accessible at the National Center for Biotechnology Information Web page, which can be mined for DNA sequences of interest using standard BLAST search tools (http://www.ncbi.nlm.nih .gov/Microb_blast/unfinishedgenome.html). The genome databases of Streptococcus gordonii, Streptococcus pneumoniae, S. equi, and Streptococcus mutans were searched with a SAg peptide sequence corresponding to the highly conserved ␣4 region using the TBLASTN program.
Four significant matches and predicted ORFs with homology to streptococcal and staphylococcal SAgs were found by aligning translated DNA sequences with complete protein sequences of known SAgs. All ORFs were identified from the incomplete S. equi genome database at the Sanger Center, which contains a collection of more than 200 DNA sequence contiguous sequences derived from a shotgun plasmid library of the complete S. equi genome.
Two of these ORFs correlate with the previously described SePE-I and SePE-H (4). The third ORF identified showed 99% nucleotide identity to the hypothetical exotoxin gene speL found on the prophage ⌽NIH1.1. sequence (NC003157) (22) . This was labeled speL Se according to the S. equi nomenclature (S. equi pyrogenic exotoxin L). The fourth ORF showed no significant sequence homology to any known SAg, but contained the highly conserved SAg ␣4 peptide sequence and was named speM Se . The speL Se and speM Se genes are adjacent at the 5Ј end of a 4,470-bp contiguous sequence separated by a 266-bp intergenic region.
Genotyping of S. equi and S. pyogenes isolates. Genomic DNA from eight S. equi isolates were screened by PCR using specific primer pairs for the speL Se and speM Se genes. In addition, a primer pair specific to a streptococcal DNA region encoding the 23S rRNA was used as a positive control. Neither speL Se nor speM Se could be detected in any of the S. equi isolates, suggesting that they are located on mobile DNA elements and thus restricted in their distribution to certain S. equi isolates (data not shown).
Screening of S. pyogenes isolates (including 29 M-types and three MNT) identified the speL Se gene in 6 of 40 cases (15%) and the speM Se gene in 2 of 40 cases (5%) ( Table 1 ). The speL Se gene was restricted to only 5 M-types (M28, M41, M56, M59, and M89), and the speM Se gene was found in only 2 M-types (M80 and M92).
Interestingly, the M28 isolate was obtained from a patient suffering from streptococcal toxic shock syndrome, and M89 strains are strongly associated with acute rheumatic fever in New Zealand (28) .
New Zealand S. pyogenes M89 isolates were genotyped for the spe-l gene, and 8 of 11 (73%) were positive, indicating a strong association between this M-type and the speL gene (Table 1) .
Cloning and DNA analysis of speL and speM from S. pyogenes. The speL Se gene was cloned from isolate 10846 (M89), and DNA sequence analysis revealed a strong sequence homology (99% nucleotide identity) to the S. equi speL Se . The gene was named speL according to the S. pyogenes nomenclature for the streptococcal pyrogenic exotoxin family. The speL Se and speL genes differ by only 7 bp, and the deduced protein sequences differ by 4 aa, of which two differences are conservative exchanges (Y225H and E229D) and two are moderate (I112S and N233D). Furthermore, the speL gene is 100% identical to the hypothetical exotoxin gene speL found on prophage ⌽NIH1.1. sequence (NC003157).
The speM Se was cloned from isolate FP4223 (serotype M80), and DNA sequence comparison showed strong nucleotide homology to speM Se from S. equi (98.1% nucleotide identity) and was therefore labeled spe-m. The speM Se and speM genes differ by 13 bp, and the deduced protein sequences differ by 8 aa, of which 5 are conservative exchanges (V41I, I51M, H55Y, Y74H, and E137D). The three nonconservative exchanges are E37V, G175D, and N191K.
The calculated molecular masses are 27.4 kDa (SPE-L Se and SPE-L) and 26.2 kDa (SPE-M Se and SPE-M), and the calculated isoelectric points are 6.69 (SPE-L Se ), 6 .53 (SPE-L), 6.7 (SPE-M Se ), and 7.1 (SPE-M). The minor differences between SPE-L Se and SPE-L and between SPE-M Se and SPE-M suggest that the proteins are orthologous with identical or very similar functions in the two streptococcal species.
A revised SAg family tree, based on primary amino acid sequence homology, shows that SPE-L Se and SPE-L as well as SPE-M Se and SPE-M belong to the same clade as SMEZ, SPE-C, SPE-G, and SPE-J (group A) but build a separate branch within that group (Fig. 1) . SPE-L Se -SPE-L and SPE-M Se -SPE-M are most closely related to each other (42% amino acid identity and 51% similarity) followed by SPE-C (32% amino acid identity and 40% similarity).
All novel SAgs contain a zinc binding motif near the C terminus that is common among most of the streptococcal SAgs, including all members of group A. Zinc is essential for binding to the polymorphic MHC class II ␤-chain via a divalent zinc ion (26, 35) . In SPE-C, the zinc-binding residues are H167, H201, and D203, and in SMEZ-2 the zinc ion is bound by residues H162, H202, and D204 (3). The multiple protein sequence alignment (Fig. 2) shows that the most likely candidates for zinc binding are residues H191, H221, and D223 for SPE-L Se and SPE-L and H186, H217, and D218 for SPE-M Se and SPE-M.
One important difference between the novel SAgs and other streptococcal SAgs is a gap in amino acid sequence between residues 207 and 208 (in SPE-L Se and SPE-L) and residues 202 and 203 (in SPE-M Se and SPE-M) (Fig. 2) . In the protein structures of SPE-C, SPE-H, and SMEZ-2, the amino acids in this region form part of the ␤10-␣5 loop and the structure determining the ␣5 helix (3, 35) . Structure-determining regions, unlike surface loops, are generally strongly conserved in SAgs, suggesting that there is potential for a major difference in the SPE-L/SPE-M protein structure in this region compared to other SAgs.
Expression of rSPE-L and rSPE-M. To produce recombinant proteins of SPE-L and SPE-M, the individual subcloned genes (coding for the mature toxins without leader sequence) were transferred to expression vector pET32-3c and transformed into E. coli AD494(DE3). Fusion proteins of Trx-SPE-L and Trx-SPE-M were completely soluble and gave yields of approximately 20 mg per liter. The recombinant toxins were cleaved off from the Trx using protease 3C, while still bound on the affinity column. The recombinant proteins differ from their native counterparts by four additional N-terminal residues (GPGS) introduced by the BamHI restriction site and the protease 3C recognition site. However, a potential influence on the function of the recombinant proteins seems rather unlikely, as the crystal structures of the closely related proteins SMEZ-2, SPE-C, and SPE-H show that the N terminus is VOL. 71, 2003 NOVEL STREPTOCOCCAL SUPERANTIGENS 1363 With positive PCR result  100 27  18  100  9  0  100 0  73  0  100 a Fifty-one S. pyogenes isolates (38 from New Zealand, 1 from France, 1 ATCC reference strain, and 11 S. pyogenes M89 isolates collected in New Zealand) were genotyped. The results are based on PCR analysis using purified genomic DNA and specific primers for each sag gene. The primers for speL and speM were designed using the DNA sequences of the orthologous speL Se and speM Se genes from S. equi. Site and disease abbreviations are as follows: TS, throat site; WS, wound site; SK, skin; PS, pus site; HVS, high vaginal site; BC, blood culture; ST, sore throat; RF, rheumatic fever; AGN, acute glumerulonephritis; STSS, streptococcal toxic shock; ND, not determined.
b Reported previously (34) . c Positive by Southern blotting.
facing away from both the TcR and the MHC class II binding site (3, 35) . Eluates containing the purified toxins were collected and analyzed for purity on a sodium dodecyl sulfate-12% polyacrylamide gel.
To ensure the native conformation of the purified recombinant toxins, a standard [ 3 H]thymidine incorporation assay was performed to test for their potency to stimulate PBLs. Both toxins were active on human T cells (Fig. 3) . rSPE-C was included as a reference protein.
The half-maximal responses for rSPE-L and rSPE-M were 1 and 10 pg/ml, respectively. No activity was detected at less than 0.1 pg/ml. SPE-L was as potent as rSPE-C that also had a half-maximal value of 1 pg/ml. rSPE-M was less active than rSPE-C but still more potent than the previously described SPE-H (50 pg/ml) (33) .
Significant seroconversion against SPE-L and SPE-M was detected in sera from healthy human blood donors. Out of twenty subjects, seven were identified with seroconversion against SPE-L, and six serum samples had significant antibody titers against SPE-M (data not shown). These results suggest that both toxins are actually expressed by the bacteria. V␤ specificity of recombinant toxins. The human TcR V␤ specificity of the recombinant toxins was determined by multiprimer anchored PCR and dot blot analysis using a panel of 21 human V␤ DNA regions. The V␤ enrichment after stimulation with toxin was compared to the V␤ profile of PBLs stimulated with the unspecific T-cell mitogen concanavalin A (ConA).
Both toxins showed very similar results, with V␤1.1 TcR being the primary target. T cells carrying the V␤1.1 TcR were stimulated Ͼ80 times and nearly 70 times more with rSPE-L or rSPE-M, respectively, than with ConA (Table 2) .
Interestingly, the total of the V␤s stimulated with rSPE-L or rSPE-M was only 78 and 82%, respectively, suggesting that one or more additional V␤s were stimulated which are not represented in the panel. To further investigate this possibility, the V␤ cDNAs from rSPE-L-and rSPE-M-stimulated T cells were cloned into a pBluescript vector and the DNA sequences of 10 randomly selected clones were analyzed. Five out of five cDNAs from rSPE-L-stimulated T cells and four of five cDNAs from rSPE-M stimulated T cells were identified as V␤1.1. One rSPE-M-expanded cDNA was identified as V␤5.8. However, V␤ 5.8 was not significantly enriched by either toxin (around 4.5%) compared to ConA-stimulated cells (3.3%) ( Table 2) .
MHC class II binding. As previously mentioned, the protein sequences of SPE-L and SPE-M contain the conserved zinc binding motif that is required for binding to the polymorphic MHC class II ␤-chain.
In an attempt to determine the orientation of the toxins on MHC class II, competition binding experiments were performed. The recombinant toxins were radiolabeled and tested with excess of unlabeled toxin for binding to LG-2 cells. rSEB, rTSST, and rSPE-C were used as reference proteins. SPE-C binds exclusively to the MHC class II ␤-chain using the zinc binding motif (25, 26) , while SEB and TSST both exclusively bind to the MHC class II ␣-chain in a different, zinc-independent binding mode (1, 21, 36) . The results are shown in Fig. 4 . Binding of radiolabeled rSPE-L or rSPE-M was inhibited with excess amounts of unlabeled rSPE-C, rSPE-L, and rSPE-M. In contrast, excess amounts of unlabeled rSEB or rTSST did not influence binding of radiolabeled rSPE-L and rSPE-M. These results suggest that both, SPE-L and SPE-M, bind MHC class II exclusively to the ␤-chain in a zinc-dependent binding mode. This is a consistent feature among all group A members of the SAg family.
DISCUSSION
Two novel sag genes, speL Se and speM Se , have been identified from the S. equi genome database at the Sanger Center. Subsequently, the orthologue genes speL and speM genes were identified from S. pyogenes.
The increasing number of genome sequencing projects and the availability of the raw sequencing data on the Internet facilitates the rapid identification of novel genes by sequence similarity. We have recently increased the number of known streptococcal SAgs after searching the S. pyogenes M1 genome database at Oklahoma University (32, 33) . Interestingly, only three sag genes (speG, speJ, and smez) were found on all analyzed S. pyogenes isolates, whereas all other streptococcal SAg genes (22) . This suggests a very recent horizontal transfer of speL between different S. pyogenes isolates and between S. pyogenes and S. equi. The fact that this prophage does not carry the speM gene and the fact that none of our analyzed S. pyogenes isolates carry both sag genes suggest that speM is located on a different prophage. However, the speI gene also could not be detected in all speH-positive isolates (Table 1) , despite the fact that both genes are located on the SF370.2 prophage on the S. pyogenes M1 SF370 genome (14) . A possible reason for the separation from speL is that speM might have been lost in some S. pyogenes isolates during integration of the prophage into the streptococcal genome. One of the most interesting outcomes of this study is the finding that the speL gene is linked to S. pyogenes M89, a serotype that is strongly associated with acute rheumatic fever in New Zealand (28) . SAgs have been implicated in acute rheumatic fever, but their role in the pathology of the disease remains elusive (6) . Screening of a much larger panel of clinical isolates is currently under way to determine the strength of this linkage between spe-l and strains causing acute rheumatic fever.
The novel toxins are closely related to the streptococcal and staphylococcal SAgs. Recombinant forms of SPE-L and SPE-M are extremely potent stimulators of human PBLs at nanomolar concentrations, confirming their role as SAgs. Seroconversion against SPE-L and SPE-M was observed in several blood samples from healthy donors, suggesting in vivo expression of both toxins. Despite their highly conserved core structure, individual SAgs differ remarkably in their surfaceexposed regions. This explains why immune responses against SAgs are highly specific, e.g., polyclonal serum raised against a certain SAg does not cross-react with any other SAg (data not shown). Therefore, seroconversion against a particular SAg is a strong indicator for the actual production of this SAg by the bacteria and also suggests a potential role as a virulence factor. The data presented here suggest that SPE-L and SPE-M bind MHC class II exclusively at the ␤-chain via a zinc binding complex. This assumption is supported by the fact that both toxins contain the characteristic zinc binding motif (H-X-D) close to the C terminus and by the results from the competitive binding assays. Excess concentrations of rSPE-C, a toxin that exclusively binds to the MHC class II ␤-chain (26) clearly inhibited SPE-L and SPE-M from binding to LG-2 cells. In contrast, the typical MHC class II ␣-chain binding toxins SEB and TSST showed no inhibition effect. This MHC class II binding mode appears to be conserved among all group A members of the SAg family (Fig. 1 ). SSA and SPE-A are the only streptococcal SAgs known thus far that lack the zinc binding motif and are unable to bind to the MHC class II ␣-chain. Both toxins belong to the group B clade in the SAg family tree and are more closely related to the staphylococcal enterotoxins than to any other streptococcal toxin.
Interestingly, SPE-L and SPE-M both stimulate mainly V␤ 1.1-expressing T cells. Usually, SAgs can be distinguished by their characteristic combination of V␤ targets. This finding might explain why none of the analyzed streptococcal isolates carried both genes, speL and speM, as the need to activate a single V␤ can met by a single toxin and two toxins with the same function would be unlikely to offer a significant selective advantage.
SPE-L and SPE-M differ from their S. equi orthologues by only 4 and 8 aa, respectively, and most of the exchanges are conservative. All of the nonconservative exchanges are at amino acid positions that are not well conserved among the SSAs. This suggests that SPE-L Se and SPE-M Se are likely to function in an identical fashion to their S. pyogenes orthologues SPE-L and SPE-M. It is not known yet what role SAgs play in S. equi. Artiushin and coworkers recently reported that SePE-I and SePE-H were highly mitogenic on horse PBLs and pyrogenic for rabbits. Furthermore, horses that had recovered from strangles or been immunized with SePE-I were resistant to the pyrogenic effect of SePE-I (4). Interestingly, an epidemic outbreak of nephritis in Nova Serrana, Brazil, has recently been reported, and throat cultures indicated that nephritis was associated with group C S. equi (5) .
Two novel SAgs were found in streptococcal strains belonging to two different Lancefield groups, group A and group C. The sag genes are most likely located on a mobile DNA element that allows horizontal transfer of these genes between different streptococcal species, such as S. equi and S. pyogenes. The significant association of speL to S. pyogenes strain M89, which causes acute rheumatic fever, suggests a potential involvement of SPE-L in this disease. However, this has to be reevaluated after screening a larger panel of S. pyogenes isolates. It remains to be seen whether sag genes will also be found in other non-group A streptococci.
